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Device for a quantified determination 
of the quality of surfaces 



'I'ho present invent i or. rei «.a;es t o a aevj.ce.- and a method lor 
eeter mini rig the quality of surfaces, j espect 1 vo i y the visual 
properties of surfaces. 



Tne present "invention relates 
method for the de-termini rig of 
properties or surfaces. 

Th e q u a 1 i t y , i: e s p e : ; L i v o \ y t h e 
i s to be g e p. o r a 1 1 y u n de r s t ood 
properties c; Z a surface which 
surface for a human observer. 



j n p arti c u 1 a r to a device a rid a 
the col o r a n d t r i o c o 1 o r 

v i s u a 1 p r o p e r t ies o I a surface, 
lie re as be i ng t ho s e phy s .i c a 1 
ciuternuiiO the appearance of a 



Besides for color, respectively impression of color, these 
properties also include gloss, haze, distinctness of : mage 
(D-Jlj , color brightness as v:e 1 1 as surf ace texture and orange 
peel, etc. 

The color' of a surface is an especially important criterion to 
the assessing or surface quality, because tne color, 
respectively .impression or color, is a decisive feature for th 
overall impression of a product, m the case of numerous 
consumer and technical p» educts . 

In many fields during the rn.uiu fact, ur i ng of a p : e due t. , :t is 
crucial ro ensure t iu-c t he ocd or of. tne prodnct. bei ng 



manufactured does not change during v he course ot product. : on . 
Such changes i n product: col t-r can rc-su 1 t. from env : ror.me iiU 1 
conditions changi irj during the course of product i cn 
( tempera cure , moisture, surfa v<: nature, etc. ; . J n ord-.r 
avoid such changes in cole: - , n.uuu fact i; r 1 ng eqn i pmen t must b-_: 
monitored con t : uuous 1 y or at rogu 1 a r inLerva l s and product s 
must be n.easu rod individual I y w i t hi respect to '_ he lnt.ure of 
t lie i r surface. 

For this reason, s u r f a e e mc_- a s u 7: : : ;g a nd c o 1 o r me asurii v-j d e v ± o e ? 
have become known j n t he p r i or art wh i c h c a n de t e rm i no t he 
visual properties of product surfaces. Many known moasur i ng 
devices are however of large- scale size and represent great, 
expenditure and expense in their: acquiring and operating. Othe 
known treasuring devices are poi. table, yet provide c:ii y 
insuiiicient precision or accuracy. 

It is therefore the task of the present, invention to provide 
device and a method cf t. ho type as indicated above to enable 
reproduc l b 1 e a nd qua 1 1 1 i f i ed e va 1 ua t i on o f t he qu^ 1 i t y o f 
su r f aces . 

A further asp e c t o v. s a i d t a s k is to p r o v i d e a d e v i c e w 1 1 .i c 1 1 i s 
s ma 1 1 a n d simp 1 e i n its c on s t r u c t ion so t ha t a use r c a r: 
effortlessly take it. 'with him arid can use it for determining 
t fie qua 1 1 1 y of a s a r f a ce w i. t hou t t he need t o u t i 'l i ze a ny o the 
aux 1 1 i a r y cor; t r l varices . 

This task is solved is accordance w L h the present, invent : ve 
dev : ce as de f l ned i n c 1 a : m "i . 

Tne inventive method comprises t lie subject [natter of claim it) 

preferred em bod i went, s of the invention constitute t. he subject 
ma rcer o t t he subclaims. 



A device according to :ne present invention for the quantified 
dot emu n at ion of the quality of a surface compri ses a first 
opt i c ;i 1 me a i i s i i a v 1 1 ig an i i i urn mat. i i ig rn^r a r.s , 1 1. s e m i 1 1 e d i .: .j 1 ; t 
directed at a predetermined angle to the measurement surface, 
second optic.:*! means, directed at a prode t e : in i.ued an ;lc- to the 
measurement ,sur face , receives a portico of the '. ighc ret 2 ect «ro 
1 rciri the mea.su r emeut 55 ur face . At least one- photosensor is 
arranged in said second opt: ica 1 means which emits an elect rica 
measurement signal which is cha ract: or 1st. ic of tile light 
received by said second optica 1 irtans. 

A control ana evaluation means is provided for controlling t he 
measurement sequence a: id eva luat i ng the measurement results an 
comprises at least one processor means and at least: or.e memory 
means . An output means serves to display the measurement 
results and/or the evaluated data. 

The 1 1 1 ummat nig means comprises at. least one 1 light source, 

h er« b y a r. 1 e a s r one o f g a i r 1 1 i g \ \ t s o \ 1 r c i 3 a light ■ cmitt in o 
diode (Lh!J) . The .light, emitted by the illuminating n.eans 
exhibits a spectral character ist: i c wh Lch comprises at least t; h 
blue, green and red spectral components of the visible 
spec t rum . 

A filter- means is further provided which is arranged 111 the 
patn of radiation bet ween t he light source and ' :ic photosensor 
whereby said filter means may be arranged either in the first 
or in the second optical means or at any other appropriate 
position in the path of radiation. It is also possible to 
provide several filter means, whereby a first f liver means 
spectra 1 iy filters the 1 ight enatted i. rom the ai. least one 
lignt source of the illuminating means of said ii:st 01.0. icai 
means and <i second filter means is arranged in r he path of 



radial: ion in front of the photosensor and 1 ike wise spect ral 1 y 
£ 1 1 te r. c J i hi.-. 1 1 1 i r re f: looted by the f.trdsurem^rit sur i ace . 

The evcjucit.i-jn means tvaluaU-y the re f 1 <_?c t ed I. ight and d-r; vr. 
therer roir. at 1 east one pa ram-r L <_* r which oharacte r l zos t 1 ; e 
cur f j:r . 

The device accord i ny lo the present invonr. ion h,.^ name rous 
advantages . 

A device in which a first optical means is provided with an 
illuminating means having light consisting of blue, green and 
red spectral components in the visible spectrum is highly 
advantageous since this then also allows for determining, for 
e x a mp 1 o , t h e c oIgl o f a sur fa c e . 

Tha t the 11 ] umi na t i ng mc-ans i n t lie i nvent i ve dev i ce ha s at 
least one 1 r Q hit source rendered as an \,ED is of great advanta 
since at least one light source is then configured to be 
substantia". 1 y r e s i s t a i \ t to ay i ny . 

In a preferred embodiment of the pie-sent invention, at .least 
one of said at least one characteristic parameter is the colo 
of. the me a s u r e me r it s u r f a c e . The inve n t i v e d o v i c e i s 
particularly well -suited for t ho determining or a color 
parameter of a surface. The invent i ve dev Lee can he of eompao 
configuration and is then, e.g., readily portable . This enanl 
a: so carrying out a determination of surface color at poorly 
a c c e s s i b 1 e s po t s . 

in another preferred embodiment of t ne present invention, the 
characteristic parameter to be determined from t he surfac to 
re- measured is one taken from among a group of parameters wh: 
includes gloss, haze, distinctness of image, orange peel and 
fluorescence parameters arid character i st i c values, etc. 



The i nvent ive device i <> pref.ej.dbly suited for the determine ng 

0 i: t w c c r n io re d i f f o r e r t cna iuc LerisL 1 c p. a r a me L r s o l r. 1 : o 
s a r f a c e t c- be e >: a m i 1 1 o d . 

J n a preferred en -.bod ianem el. t Iv.r invention, a parameter 
encompasses a plural:, ty c i. c n a r a c i. e r 1 a L .i. c \\.;1 tu.-s wind: t-u;::i 
characterize a reflectivity or remits;, or: cupabi i i t y of :!:e 
measurement suriace . U i s then fundament a 1 1 y preferred he: e 
that each cha r«cr. or : st 1 c va : ue is preferably eharaet enst ic of 
a spec t r a 1 re f 1 ec 1 1 ve o r r ec; : ss i. on capabi I i t: y a c. one wave i er,g t h 
baud each. Preferably, the plurality of characteristic values 
or said parameter describes the spectral progression of the 
re fleet i v i t y o r r e m i s s i oi i c a p a b i 1 1 1. y of the s u r face a t. a 
prede r. e rnu ued wave leno t \ i ba nd . 

Such a cent lyuraL ion is hicjhly ad vaut ageous since the 
parameters to be determined comprise a plurality of 
eharac t crisLi c va 1 ues wh i cn eharac t er i ze the spec t ra 1 
dependency of the surface properties to be determined to the 
■wavelength . 

Essentially, each of the characteristic values j s then 
characteristic for a certain wave] en^c h interval, whereby 

1 nd i v i una 1 wave 1 eng 1. 1 : bunds may a 1 so ove r i ap . 

T n acco r d a nee w i t. h a pre f e r red embod i me nt or all t ) ic p re v i ou s 1 y 
described embodiments ar.d con f i.gurat l oris of the invention, the 
; 1 lummaL ukj means nus two, throe or a plurality of lia-hi 
sources wnich are rende red an convent ion a 1 Ijgnt sources as 
.-mown in the- prior art. light sources employed .in the 
. 1 lur:unat l ng means are preferably 1 ight f t i r.g diodes, 

therma. light uoarces such as normal hu 1 b- and halogen light 
sources or such c:S norcuiy, deut.erium or xtmoi; light sources 



G 



and t he like. The i ndi vidua 1 i ight sources may ho coupled via 
one c r bc-vc-ral beam spl i. t ters . 

Accordi:.q to an especial J y pr«.--ferrt-d embodiment of the present 
1 : r/e r i t a o 1 1 , a t. 1 e a s t. t w o d i f f e r e i . t 1 ight. s ;,u t; c e s i ; i' e f o r a b ] v 
di i :. e i i : .'j in Lii': : r spectral ciLis^io:^ are empl oyed in t. he 
i 1 - u : ; i i n -.j i. j i' ; g me a n s . 

'I'his embodiment; has the advantage that employ i ng i wo spectrally 
different em l t v. i nc light sources enables achievni^ high 
ince:iij i ty across a greater wavelength band. A h : g h intensity or 
radiation across a greater wavelength band increases the 
accuracy of the measurement since the signal. -to noise rat i o is 
improved and hence also the accuracy in deter mi ning the 
pai'di-ic t er . 

In accordance with one or several of the previous: y described 
embodiments, the 1 ight sources of the i 1. lamina t ing means have 
those spectral character is t ics such that radiation may be 
emit led at essentially across the entire vi&ibl e range of the 
spectrum. It is however a?: so possible to deter mine a color 
parameter ot a surface when the surface is illuminated by, for 
example, only three different appropriate wavelengths; however, 
measurement accuracy rs :. nc reased when rad i at ion is emit ted at 
across the ent i re visib'e range of the spectrum. 

I n a c cor da n c e w : t. h a p a r t. i. c u 1 a r 1 y p re; f e r red e mbo d i v. \ t > n t. o 1 on e 
or several ot the previously described embodiments ol the 
present invention, the illuminating means has a plurality el 
l:ght sources, whereby preferably essentially all of said light 
sources are rendered as i igiit emitting diodes ihiCHs). 

Using LHOs as t.iv- Jight sources in the device is ot great 
advantage s i nee I.KDs are small compact 1 ight. source:', requiring 



little spaco so t. hat. the dovi ce as a whole may bo cc:,i igur^Li 

smai lei tnan il can wh-j:i using ot. her light sources as known j i, 

the prior art:. A further advantage of using LED a , air: 

part: i cu 1 ariy wirh their exclusive use, is thai hEDs exhibit. 

rel at i'/e 1 y nog 1 3 g ible signs of au my and neither does the 

posit ic:". ol the light -em L 1. t i ny body, rcspeo t i ve 1 y } i.ghr. • 

e;ti.i 1. 1 inq surface, t ur.damenta.1 ].y civange due to ay : r.y or i mpact . 

A :i a g e -cont. ii ig e :'i t char ig e in s p e c Lrai e m is a i on o o c u r s w i t h 
c : o r. v eniional 3 ight s o urces di s p o s e d w i t h an ; nc a rides c e nt 1 a m p 
or filament. Parts of the filament will evaporate and this 
evaporated material builds up on the inside of the filament's 
surrounding glass body, thus changing t he spectral t ransmiss: on 
of tiie glass body and hence the spectral emission of the light; 
source. Another- disadvantage of conventional "i ight sources .is 
that since the filament is basically spri ng -mounted above the 
connecting leads, its position can change over the course of 
1 1 me . 

Just for tins reason alone, a measuring devjee equipped with 
conventional lamps needs to be recalibrated f ran; time to time 
i n order t o a c hi e v e a high pi e c i s i o n a n d a c c u r a c y . 

A further advantage of semi-conductor sources of radial ion such 
as Ll-.'bs and the like is that these types of. radiation sources 
emit a temporally stable signal shortly after switching thorn on 
while conventional bulbs need a considerably longer period of 
time in order to emit a temporal.! y constant radiation due to 
thermal soui oes of radiat ion bei ny subject to influences of 
temperature and thus the individual component s such as the 
f x lament , tiie snr rounding g . ass body, ---to., r ; i .;t; n-jt. sing ;o 
warm up to working tempo rat ure before a temporal ly constant 
r a d : a t i o n can be e i r. 1 1 t e d . 
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Another advantage when employing LKDs as light sources is that 
the power necessary Lor choir ope rat ion is les^j than it is with 
conventional Lull;:; so thai the device as a whole consumes 
overall less energy . This is especially advantageous when such 
a measuring device : s to be rondei'ed tor pert abltr opt-iat. ion ar.d 
run ir'.'iii u Lattery or storage cell since the invent. 1 ve device 
o.un then bo: conf ...gured to he smal 1 or (smal ler si o rage calls', 
respectively the: measuring pd iod can be extended by employi ug 
ci set of batteries or is to rage cells. 

in another preferred embodiment of the present invention, t he- 
inventive device comprises at least one thermal light source 
which is then preferably rendered as a halogen light source-. 
The use of a halogen light source in addition to one, 
preferably several J.ED light sources also has advantages. Th- 
deliberate employing of one or several LEDs and, for- example, 
one naloger. light source can boost the specific spectral 
components m trie visible rang*-; of the spectrum sum that the 
spectral distribution of the end t ted light exhibits a high 
i n tensity a c r o s s a g real e r s p e c t r a 1 range . A p r e to.- r a b 1 y 
uniformly high intensity aci oss a large wavelength band m the 
relevant part of the spectrum grants a clear i mprovement in the 
signal-to noise ratio and thus i. n the measurement result . 

Wit h con vent i onal measuring devices, the progress i on ot 
spectral intensity is often bell- shaped and falls off along 
both sides of the spectrum f rom a maximum spectral intensity a: 
a given wavelength so that only a sma 1 1 intensity is acnieved 
at one or both 1 ranges of the spectrum. However, Measurement 
a c c a ! - a c y i s del i n e d by , a mo ug o the r f actors , t h e r: dni mum 
in i ensi t.y , r -spo r i ve 1 y poor-sr signal - to-ncst.- : ( .n.c i r. the 
it.- leva nt puit of the sneer rum. 



I f the 11:1 iii mum ; n t; eris : y i s ncv; 2 ncroasod in t. hir relevanr pa r t 
of t he spect ru::i by the u^e oi a plural i L" y of LEDs or by the us- 
c J. at. least gii:: LiiD and a ha i ejeii I i ght source, the m<_-asure:ren 
ac 'Mii n;;y at I a 1 ::ed - i s : k-rvn increased . 

Just f. -,p 1 ■ , y 1 1 ig one I. Kb ; i. a. Id it ion t o a thermal 1 ighi saaiaa • 
a 1 : j o 1 1./ d u c Li 10 m a i nteuance e x p end 1 t. u r e 1 o r r> u ch a d t : v 1 c e 
s rat 1 f-asL one of rue sources of radiat. ion is subject 1 o 

no o 1' only mi n ima 1 t emporui changes so thut t he- ctiec: s of 
time are less across the entire spectrum. 

In a further preferred embodiment of the invention, the cor.tro 
means in the invent: i ve de-vice is conf inured in such a manner 
that same controls the measurement sequence such that at least 
one fluorescence parameter i s definable for the measurement 
surface . 

Tno del" erm; nine: of a f 1 ^ore see rice parameter for the rm.-asureniei . 
surface is Highly advantageous. Conventional measuring 
apparatuses an d d e v 1 c e s me a sure, for e x a t ; .pie, the c o lor of a 
measurement surface. However, the color of a measurement 
surface, respectively the visual impression of a measurement 
surface, aiso depends upon the type of radiation, respectively 
the spectral distribution of the radiat ion with which the 
measurement surface is illuminated. Yet many materials or 
surfaces have f 1 uores cone properties which conventional 
measuring devices cannot, determine. Should such types or. 
surfaces be 1 iumi nat ed with radiat .ion of a certain wuve.d eng t n 
the fluorescent properties uiduce the radiation 9 j wii off by 
the surface to be at another wavelength. Trie visual impression 
of the surface is thus dependent upon t he spectral distiibuLio 
of the i i 1 umiriat .1 ng i.ahi. sources . 
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Im a further preferred embodiment, of the present; i nver.:. i on , :. he 
coriC rol means cone rol s f. he thirst optical means such that t he 
I i ; ^;L sour cos or s a i. d rii si opt. ic\,i ine.in.-j emi t radicit: ion 
s imul umoously f .it lea;.;', one- point in t ime so that 1 i rj v . t r o:n 

ill I t he i j gut. Swur;;ej thus impinges t he surrace t. o be examined 
.:iL ;;-a i d p.- : in t im-.- . 

ThiC siir.u 'i caneo'js i I luminal" ion of the surf ace to be examined by 
os. sent iai ly all light sources has t. he advantage- that t he 

i i:d i v Ldual light; sources car. t hen del i be rat ely boose specific 
spectral regions so that, the emitted J lght corresponds 
essentially, at least at this point in t. ime, to a predetermine:! 
sped, ra 1 d i st r i but .i on . 

In another pre tor red embodiment, of the present invent :.on, the 
cone rol means is rendered i n such a manner t ha t the first 
optical means of the device is controlled such that at least 
tv/o spectrally different iignt sources of Sciid >' :. rs t optical 
me a n s e rv- it r a d i a t i on essont i a 1 1 y one a f c e r t_ h e o t i :e ; - , w: o re by 
p re f e r a b 1 y e s s e n t i a 1 1 y all the spec t ra i 1 y differ: ng 1 1 g n t 
sources of said first optical means each emit rad i at ion 
successively . 

In the sense of r; he present invention, "spectrally differing 
.*. cght sources" is to be understood as that the spectral 
distribution of the i ntensi ty of the em: t tod rad i at ion colters 
m at least one wavelength band so that, one could describe the 
light sources as being linearly independent from one another. 

For example, two identical halogen bulbs also radiate 
spectral ly different djstribu: ions of intensity : f : hey are 
operated at. di f • eiv:r vc. \ r. fl g-.- ; , si u.-^ t h.-» n emp^-rat ure or the 
filament, arid consequently the spectral characteristic of the 
thermal emit. t<-r, changes according to voltage. In the sense of 
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the present invention, two such operationally different halogen 
bu 1 bs a r also spec t ra 1 1 y d i f f t - 1: i i ig emi 1 t e rs , respec 1 1 ve ] y 
i i ght sou roe:-: . 

r J ■ ' e f i : L U b 1 V , h O W t; V C I , " S p O ■.".* t. L' .'1 1 1 V d 1 f f. e 1" 1 I g light SOUl.'Cco" i S C. C 

be understood as that d r :'. 1 e rent", types *_>i light, sources a r e 
u s e d . K o r e x ample, r e d , g r eei: , blue and y e j 1 o v: L HI D s m a y be 
employed which e:nit radial, ion at di t fori tig spectral regions . It 
is however also possible to employ a thermal emit: cor such as ct 
halogen or convent Lonal light bulb which has several LED a of 
d 1 1 f e r 1 ng colors. 

Controlling such spectrally differing light sources such that 
radiation is emitted successively is also advantageous since 
the light from the spectrally differing light sources as 
re fleet ed f rom t he su r face can be sepa rdtel y rece i ved and 
eva 1. uated . 

in a further preferred c-mbou iment. of t Vie present i p.vont i oi i , t. hf- 
control means controls the first and the second optical means 
such that one measurement is performed in which the- at leas': 
two, preferably ail light sources emit, radiation simultaneously 
una that another measurement is performed in which at least 
t wo , p re ferdbi y a 1 1 spe o 1 r a 1 1 y d ; f f e r i ng 1 i ght sou rce s e a ch 
e in it i: a d i at i o u e s s e u t i a 1 1 y on e after t V i e o t h e r r e spect i v e 1 y . 
Trie sequence of these measurements {measuring with several 
1 1 g h t sou rce s si mu i t a neons 1 y ; me a su r i ng w 1 1 h t he indi v i du a 1 
light sources successively) is contingent upon the given 
circumstances (nature: ot the sur face, etc . ; 

i"/ a civ a; it agoous since one men su i. t.-r.ier.*. 
one hand with the entire spectrum 
to measure individual socctra.- 



.'ujch a conf igur-a t i on is v 
■'•aii ho carried out on the 
while it is also poss if. ie 
rog ions as wo 1 1 . 



If at least one measurement is performed in which spectrally 
da i Leient light sources end t iddiat io:i success ive .1 v , the 
1 ndividua . m-as u romout resi: i t s of said i ndi vidua". .; i^ht sou roes 
o r said spoot r L 1 y d i f f e r i i ig 1 ight sources art t leu i n the- 
me mo l y means of tne device . "'he:; at least one f luorescence 
parameter is preferably derived from sa: d raeasuremout resuli. s 
so- that besides for a parameter such as, for example , surface 
color , at, least one measure of the surface flue re sc.; nee is 
ado i t lona 1 1 y de t e rrn i ned . Th i s de t e rm un nq o f a s a r face 1 s 
fluorescence properties is very advantageous because due to 
different products being used under the most differing of 
light my conditions, an observer's impression of color also 
depends upon the fluorescent: properties of the surface. A 
measurement surface can be better characterized by the 
de t e r m i n i ng o f at 1 ea s t one f 1 uor e so e i ic e pa r arne r. -? r . 

In a further preferred embodiment of one or several of the 
previously descr.i bed emhod i ment s , a plurality o: phot osensors 
if; provided, naid photosensors preferably arranged adjacent to 
one another . Especially preferred is the arrangement into rows 
and/or into rows and columns, whereby part lcular: y preferred is 
the use of a diode array or a CCD chip. Employing a plurality 
of photosensors arranged .in a row or on a surface allows for 
the determi ring of a number of signals or portions of signals 
essentially si mu 1 1 a neou sly. 

Employing a CCD chip offers the advantage that: tins type of 
sensor is uni versa 1 iy preval ent and is of high *nd foremost 
qua] it.y . 

r'art icmariy when a plural l '..y of pnot osensors is provided, tut 
not limited thereto, a spectral means can U- arianged in t tie- 
pat): of radiation be- 1 ween t.he illuminating means and r.he 
photosensor (o) which then splits the incident rudiat ion subiect. 
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CO wave I eng t h . When employing a plurality ut photosensors , it 

i s the- n p re f" e r r e ci r. ■ .a r. t 1 s pe c t r a L me a n s spl its t iie inci d e 1 ; i 

i ignt such that tiic- di iterint. wave 1 one; t. h bands of the 1 nci ck-nt 

light arc- then dor Looted no d :. f d: e rent phot osensoi s, 

respect i vely d : f re rent jroas 01 a CCD array . The i nt^iisi t y on 

t he inoividu-l phot, see; is i i i ve eio-ments, respect: i ve ] y 

photosensors , i s then represent at i. ve o f the different 

w.'j ve i er :g t n ba nds ana t he e 1 ec t r : ca 1 on t pu t s igna 1 o f a : : 

i nd i v i dua 1 pho tosensor is c ha ra et.eri s t i c of t he ra d i. a t. i on 

i e c e i v e d at said c o r r e s po n d \ ng w a v e 1 e ng t n band. 

It is however also possible that only one photosensor (or only 
a te w p h o t: o s e r. s ors) a r e e trip 1 o y e d . I n t Ins ca s e , it is thei i 
preferred when making use of a spectral means that either the 
illuminating means is arranged disp'l aceably or rot a tardy and/o 
that, the photosensor is arranges displ aceably or rotatabl.y. In 
such a configuration, the position of the i 1 lumlriat ing means, 
respectively photosensor, .i s eorL re-lied such that tne 
photosensor receives diiiorent wa ve : oiigt li bands one after the 
other so that a spectral dist ri but ion may be determined. 

The provision of a spectral means m the inventive device is 
highly advantageous because this enables determining a spectra 
di st: r.i but i on of intensity to the light reflected from the 
surd" ace . 

Preferably, t he spectral means comprises at. least one (or 
several ; spectral splitting elements which may be a spectral 
splitting element commonly employed in tne prior ur~ , as tor 
example bending and/or retract i.ng optical elements, absorbing 
od ein-.-nt s , pn and amp 1 ; t u- gi i ds , science and volume grids, 
transmission and reflect ion grids, holographic optical 
elements, interference i liters, color" filters and color filt.oi 
wedges, edges or cut off fill, ers, prisms and the i ike . 
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The spectral splitting element, respectively the spectral 
mo a ns , is arra ng ed i n t. he pa t h of radial i or; 1 n i. he 1 nveii t 1 v e 
device , whereby it is possible that said spoct ral splint .1 r.g 
e 1 o me n r. 1 s io-_- ndei ed a s a r e f • e c t j 1:9 or- t rails 111 1 1 r. 1 r.q e 1 e me n 1 . 
When r eiil-j r>_-d ciS a ref • ect i:ig e i enurnt , a suriaco ret" leer, i on 
] r 1 d a s us e .u in con v enr ional s p e c t r o me l e r s is p r t .• f e r r e d . Wh e 1 1 
rendered as a t ransm ■ 1 1 inn spectral splitting element , a 
holographic transmission grid for' example can be used, whereby 
t tie I 10 1 og i <j m s ubs trace cai 1 b( :■ dicli roma t e q e 1 a t i r ; e ; DCG ) , 
po i y v 1 ny 1 a 1 coho 1 or o t i 10 r s uc h s im.il a r ma t e r 1 a 1 . Co 1 o r til t e r 
and color filter wedges are also particularly preferred. 

it is also possible to a r r a ng e a pi u r a lit y o f s pe c t r a 1 
splitting elements in the inventive device, also differing 
ones, wherein one or several, can be configured as 1 ra:.smi 1 1 1 ng 
elements and one or several as reflecting elements. 

In accordance with a further- pre r erred embodiment 01 the 
pro sent: invention, the filter means is configured m such « 
manner chat tne spectral characteristic of the incident Light 
may be changed according to predetermined f liter properties so 
that the spectral characteristic of the light preferably 
coincides substantially with a predetermined spectral 
distribution. The filter means can be rendered as a reflecting 
or t ra n sm ; 1 1 1 ng filter mea n s a nd p r e f e rab 1 y ) ■ a s a t 1 e a s t one 
filter element. It is a; so possible that at least, one 
reflecting as well as also a:, least cue transmitting filter 
element are provided in the filter means which may also be 
arranged spatially separate 1 rom one another-. Reflective tilt e 
elements or filter means reflect incident light and are often 
"oni igured i n such a mannei that specific wavelength bar. ...is at- 
reflected bee. ei than others so that the light r e fleeted from 
tne.- filtei titans exhibits a spectral di s t r 1 bu 1 1 or. , specr ra 1 



c : i a r a c:enscic r e s p e c t i v e 1 y , whi c h coi n cides sub s t a n t i a 1 1 y w i Lh 
a predet ormmed spectral dist r ibuL iori . 

T rans/ni r.L iii-j till*.-:* e 1 t_.-iiK.-i s or f .i Ir.L-r nierar.s a re usual 1 y s 
•coti l. igurc-d such thai specific wave leng L h bands a re t r ansm. i t L ed 
her. Let r.f.^r: others , whereby it is possible* that specific: 
waveletioth bands may be absorbed or that specific wa vt 1 er:g t h 
bands a r e a t: I e a s t partiail y r e fie c: t: c? d or that s pe ci f i c 
wavv-1 eiicth bands are scattered to a great er or 1 osser degree. 
This 'rakes it possible for the spectral dist ribut i on o f t he 
t ransmi t t ed 1 lght to approach a predetermined spectral 
di st ribut i or. . 

Employing a filter means winch adapts the spectral 
characteristic of the incident 1 ight to a predetermined 
spectral distribution is of great advantage in order to provide 
for the measurement conditions which will enable highly 
qualitative mease re me nr. results. 

In accordance with a further particularly preferred embodiment: 
c f t he l nve n t i ve dev i ce , t he prede term i ned spec t ra 1 
d i s t r i bu 1 1 on is a s t a nda rd d i s t r i bu t i on a s has be come 
standardized m the prior art. For- example, i 1 1 umi rat i on or 
measuring can transpire with the C light type standard, the 06S 
light type standard, the A light type standard or other such, 
s i mi 1 a r s t a r ;da i ds . Conduct i ng a measu rement wit one o f t he 
a fore -mentioned light standards is highly advantageous because 
this allows conducting the ;nea surement procedure with spectral 
light distributions which are standardized and as c : ese to 
r e a 1 i t y a s p o s s i b L e . 

in accordance with another preferred embod i.;uenr , t l.f 
predetermined spectral distribution has essentially a Iwr.-ar 
progression of intensity (part, rcul arl y prefer" red, a constant 



16 



progression of intensity) across; the wavelengths in a 
predetermined region of the spectrum. 5a.id predet erim ned 
wa vele ng th band p r e f e rabl y coir.p rises essentially at least t. he- 
visible range of the spectrum between about 400 and 70C nm. 
Such a predetermined spectral distribution also of for s 
advant ages s i nee pa r t i cu 1 a r J y when i 1 u:r.i na 1 1 ng or nea sun ng 
with an essentially constant progression of intensity, a good 
signal - to- noise ratio is ach ieved acr oss the relevant 
w a v e 1 e ng t h band. 

In accordance with a further preferred embodiment of one or 
several of the previously described embodiments, the device and 
its individual elements are configured such that a spectral 
measurement characteristic :s essentially proportional to a 
product of the spectral distribution of a standard light type 
and the visual sensitivity of the human eye. 

The spectral measurement characteristic is hereby to be 
understood as tne product of the spectral characteristic of the 
light radiated onto the measurement suriaoe and the spectral 
sensitivity of the second optical means, respectively the 
sensor . 

When this spectral measurement characteristic is proportional 
or essentially proportional to the product of the spectral 
distribution of a standard 1 i ght type ana the visual 
sens i t : v ] t y of t he human eye f v i sua 1 sens i t i v : t y o f t he 1 ight - 
adapted eye or visual sens i t l. v ;. t y ot the dark - adapt ed eye), the 
device essentially reproduces the "natural sight process" of an 
observer . 

Preferably, the spectral measurement characteristic is the 
product of the spectra' characterist j c values of all optical 
components involved, apart from the measurement surface itself . 
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Thus, for example, the light radiated onto the measurement 
surface from the individual 1 ight sources is spectrally 
influenced by the individual optical e 1 ement <j in the first 
optical means while the spectral characteristic of the 1 ight 
re f 1 e c t ed t ro:n t he intra s u re me n t s u r f a ce i s t hen i i i 1 1 ue i iced bv 
the i nd i v idual optica' elements i n the sccoiid opt :oal means. 
The spectral moa sure inert characteristic cited above takes ai i 
or essentially all spectral influences of the components 
involved into account. 

In accordance with a further preferred embodiment , the above 
cited spectral measu rement characteristic, being a product of 
the spectral characteristic of the light emitted onto the 
surrace and the spectrai sensitivity of the second optical 
means, is essentially independent of wavelength, in a 
predetermined region of the spectrum which preferably comprise 
the greater part of the visible spectrum (> 50%; better: 
> bO-L) ; particularly preferred is the comprising of at least 
the visible range of. the spectrum. 

In accordance: with the present preferred embodiment, the 

s p e e t r a 1 me a s u i " e- me n t c: h a r acteri s r. i c e x h i bits a n e s s e r : t i a 1. 1 v 

linear progression across the wavelength in the predetermined 

spectral, region; particularly preferred is the spectral 

me- a s u r e me n t c na r a c t. e nsti c exh i b i t i ng an essentially c on start 

value in said wavelength band so that m the case of an idea 1 1 

reflecting surface, the output signal, respectively sensors, 

a re e s se n 1. 1 a 1 1 y 1 1 idepe nde n t. of wave 1 eng 1 1 1 . 

In the present preferred embodiment, the spectral distnbutior 
of the emitted i ight is preferably ini..luer:ced in such a mariner 
so as to balance to the spent lal character istics ul. the other 
optical components and the sensor(s). In those spectra: regior 
in which the sensor exhibits a lower sensitivity, t he mtensit 



of the radiated 1 ight can bt; increased accordingly so that the 
intensity, respect i vt 1 y electrical our pi;:, signal o: the 
ser.sor (s,' , is osseiit la: ly i nde pendent of the rece i vcd light's 
wave 1 enj t h . 

u c 1 1 tin ess*'-: ;t i a j ly cons van* ;rpec t ra 1 measuremc-i j'_ 
c:i,m i ac L e r i s r. l o has advantages part lcui-trly when n.ak i nci use of. a 
d i o d e a 2- i. a y o r a C C L; c r 1 :i p b e caus e all t h e e leu :e 1 i v. s in t. h e die: i e 
a r ray a re then boos t. ed ly/ t ho s a rue amp 1 1 f i oa c : or. r act o r . r n 
order to aUa;n a s i gr.a 1 ■ t o - noi so ratio which is as high as 
possible when employing a diode array, the exposure, 
respectively integration time is .selected to be so high that 
individual elements emir, a maximum signal. For example , should 
a di ode array be ilium i id ted with a normal bulb, the radiation 
emitted from the bulb normally exhibits a maximum m the red 
region of the spectrum at which conventional silicon ceils 
likewise exhibit a tr.ax.i mum sensitivity/. 

The spec!, ral nic-asuremGnt: characteristic of such an i 1 lumi nat ion 
source with such a sensor thus exhibits a highly pronounced 
maximum in the red region of the spectrum, decreasing in the 
greater and lesser wavelengths. Only a low utility signal is 
then generated parr icular by in the blue range of the sped rum 
whicn can be of up to about one or several magnitudes less t ha:: 
the maximum utility signal. As a consequence, the signal to- 
noise ratio deteriorates from the maximum of the spectrum by a 
factor of 10, 100 or more in t. he corresponding spectral region. 

If the exposure, respectively i nt eg rat i on time is now 
increased, the individual elements of the diode array depart 

om ih-, linear area of activity an;l upon a furrhcr increase in 
the supplied quantity cd light, respectively .-ui incroas- in the 
expos a i e t lme , l nd i v i dUv* 1 sensors a re ove r r i dden when, t he 1 : qht 
to be measured is split onto the individual sensors or elements 



19 



of the d: ode array. When indi vi dua 1 sensors are overridden, it 
can happen t I 1a t the cha rg: ng of an element; of the diode dnay 
c <n n e ri c ro a •:: h on a d i rtret 1 y ad j a c L-nt <.;r i : e a r b y e 1. e ; i ; i t s o t h a t 
t i ie me asu re men : i bsu 1 t. no : on 1 y o t : ne ovorr i. dden e i err. en ".: bu t 
a i so of cj>- no i ghbon ng e Loment (s) is inaccurate and faulty. 

Shculd a spv-i'iral measurement characterise i c now be employed 
fcr the measurement whi c:i exhibits an essont ia I ly constant 
proa res s i on ac ros s a pi edet e r-:r, i neci wave I o rn'j t h i n t e r v a 1 , 
essentially all elements of the diode array will be modulated 
equally, winch has the consequence of a significant .increase in 
the poorest signal - to ■ nci se ratio and, thus, m the quality ot' 
the measurement . 

If individual photo sensors are employed, their signals are 

amplified in each case individually so that a spectral 

mea s u re men t c h a ract: e r 1 s c i c ha v i no , for ex amp 1 e , a d 1st ir.cn i ve 

dependence upon wave 1 en;-; tu : ro<y also be used . But s i nee a 

s ma 1 1 e r c t. reet is seen in t he c:a s e o f diffused I i g h t , 1 1 can 

also be advantageous in the present application example to keep 

trie spectral measurement characteristic relatively constant :. n 

the relevant wavelength band. Should the radiation be split, 

for example, subject to wavelength and a sensor is provided for 

a wavelength band at approximately 4 00 nm, a t 0 \ pert: ion of t he 

drf fused light at, for example, the 700, 800 or 300 Nm 

wavelength band wii 1 lead to an proportionally greater 

distort i on of t h e me a s 1 1 r erne u t r e s u Its d u e t o t h e f a c t t ha: , r o 7 

example, s i 1 i con - based sensors are more sensitive at this 

w a vol e r i g t h b a n c i . 

For reducing the influence of diffused light , : t; :s preferred 
that a filter element of the filter means essentially filters 
o u t r a d i a tic n a bo v e t \ i e r e 1 e v a nt w a v e I e ng t i i band . If s u c ; . a 
filter element is positioned in the path of radiation between 
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the light sources and v. hot surface to be measured, this otter si 
1 1 i e. a d v antage that radi at ion of a h i g h e r w a v e I e i 1 g t h b a nd a t 
which i he sensors enp] oyed a re cfrer. part ieui&r ly sensi : j ve 
essent ial ly dees not even reach v he '.r.easurenier.t. surface in the 
f i r s t p 1 a c e an d c o n s e q -a o n 1 1 y car. ri o t p r o d u c e a n y diffused 1 1 q h t 
m Lne second optica] rue .-ins . 

On t he or. hier hand, it is al so advant ageous to arrange such, a 
filter element, in the second opt: l oal means so t hat r he 
phot ose nso r s are e s se nt iall y sh i e 1 ded f rom. d : ft us ed 1 1 g h t a r. 
such wavelengths which for example enter tiie device tro:r. the 
environment . lurthermoj e, such a filter element in eric: second 
optical means in front of. the photosensor- offers the advantage 
that radiation at these wavelength bands emitted by the 
measurement surface itself will be kept away from the 
photosensor . 

:t is also possible to arrange one filter element, in the path 
of radiation between r.he light sources and the measurement 
surface arid another Lilt e r element in the- path, of radiation 
between the measurement surface and the sensor, whereby the 
particular positioning of the filter elements in che first or 
second optical means may ensue at appropriat e positions. 

In accordance with a f wither preferred embodiment of the 
pi eser.t invent i on, the measurement results from the sensor, 
respectively the signals of the sensors, are evaluated 
mathematically, whereby this evaluation may transpire accorcnu 
tc the teaching proffered m Wo 9C/0\) l /<.>\ , respect i ve 1 v 
CK 4 4 3 4 1G6 Al, which, is hereby included in the disclosure of 
the present invention, .-'uch an evaluat i on makes use cf 
-iLireieni c: a i : brat ion standards arid a nuinber eU 1 i,;ht sources 
wh:ch are linearly independent and a number of sensors which 
likewise exhibit li nearly independent, spectral characteristics 
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which can also be obtained via filters connected in series. 
Should m 1 iyht source:; and n di tteronc sensors be <=.-mpi eyed , 
calibration standards can bo ncasurcd and a iineai e(::.:ai:cr; 
system instituted. This 1 into r set c t equations can be used t o 
determine the indiv i dual coefficients of t. he ; nd : vidua! 
elements with rcsp(:Ct. r. o di 1 recent wave Length bands so nhat !.-..■ 
spectral r>'mi ss i oil c a pa La 1 i zy or reflectivity of the surface t. ,.: 
be measured can be determined with the coefficients ascertained 
during a measurement of a surface to be measured. 

determining the wavelength- con t ingent remission capability or 
reflectivity with the t each i ng disclosed in the cited document: s 
enables increasing the resolution in the subpixel range 
particularly when employing a CCD or diode array. 

in accordance with a further preferred embodiment of the 
present invention, t he t liter means is configured such that the 
spectral properties of at: least one filter e 1 eu,-,:nt. arc 
controllable. This enables the position of at least; one filter 
element to be v ariabl e s o that: u pon , f o r e x a rnp 1 e , e x t r a c v. i n g 
said f i 1 1 e r e 1 emen t f r om t he pa t: h of r ad i a 1 1 or. , the light u sed 
in the measurement procedure is no longer influenced. 

It as however also possible to use a filter element which is 
va r iabl e du r i ; ig opera t i on a s to 1 1 s spec t ra 1 cha r ac terisiic . 
V iabl e f line r o 1 e me n t s hei e «re , for e xa mp 1 e , t i :o s e ba s e d o ; • 
LCD (liquid crystal display) technology. For example, in t he- 
case of color displays, certain selective colors can be 
displayed and with such computer LCI") displays as a : ready 
pro va 1 e n t nowadays wh ich a re su i t ab le, for e xatnp ie, for 1 cad i ng 
f a an overhead pro j ector , iv. is possible to depict basically 
uivy color d<y<±iz-.d. fPue:: t h-ai it is .1 jk^wise possible to 
selectively ±ui iuence I. he spectra] character: sc ic of t ho light 
tiansjr.it ted thiough such a display. With such a f .Her element , 
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the control weans can centre^ the f i ] ter element during 
c p era t i o n of i. h e de v ice 1 1 . s a c 1: a i na m; e r t hat pr e d t.- t e r r: lined 
spectral properties of the filter, element and consequent 1 v ihv* 
iiieasurenieiit chn i act ei istic, rospec;: i vol y the dov ic- , a i e 

obt a mod . 

Sue;: a f :i 1 1 e i moans, respectively such a filter element , a"! lows 
tii^.- it- a] i.zing of greatly dif ferine spectral characteristics or 
spectral distributions to the light rad: a ted cm o t 'no 
me a s u 1' e ir. e r : t surfa c e . 

It. is possible to use a standard day] i ght distribution for 
measuring in a first measurement process and to control all the 
sensors in a second measurement process such that an ideally 
re f 1 e c t i rig s u r face weu 1 d y i e id the s a me out put signal w 1 t h a 1 1 
sensor s . 

~- -■ the surface is i 1 lumi rat en v; i I: h daylight or w \ t h a 1 ight 
distribution which corresponds to the spectral distribution of 
daylight, tile impression of color and also the fluorescence 
properties of the surface as they appear- in the field can bo- 
de term l nod . 

Cn the other hand, a spectral characteristic which is 
essentially independent of wavelength offers the advantage of a 
signa 1 - to- noise ratio which is as high as possible. 

Iri the sense of the present invention, the designations 
"essentially linear" as well as "essentially const. ant 11 ana the 
like are to re understood as achieving the best possible 
•."pp: OMi ma 1 1 on to the given defotihl ts , whereby cei I a in deviating 
to! era t. ions a i. c allowable, -or. exumpl. e , it m^y be possible t h^t 
no appropriate light source h.MS been provided for a certain 
spectral range so that light sources will be used which also 
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e:ni t in said S[^ocl range ; "just: not at: max i mum intensity . 

Then, cony iderab'i e deviat i ons f: rorn the i r.te:vdi:d spectral 

di st r a but. :or. , i Lspec t i vei y sped ral cha ra cLerifi t. .i e can be 

ai lowabie in t; 1 u-.- sense of the prer-ien: j nvonUoi., as i ong as 

t h i s achieves a better adapt l ivj than wou hi be the case as, i ov 

e >: a tv-ri- \ e , with only one .1 i glu sou fee . This dov i ..it. i or. c^n 

t hero for e amount to !>0% or more ; a deviation of -;G1 is howeve 

preferential and particularly preferred is <20% or < !.. \ from t h> 

idea i 1 me . 

In another preferred embodiment, of one or several of the? 
p r e v i ou sly described e tiibod 1 me n c s , it is pa r t i c u 1 a r "! y p eterieii 
that t he spectral d i sr. r ibut ion of the 1 i ght radiated f rom said 
ill urn i na t i ri'.j means l s cone ro 1 1 abi e by means of said coi 1 1 ro 1 
means, wheroby especially preferred is the selective 
influencing of individual light sources of said i 1 1 uminat ing 
means so that. at. least the intensity of the indi vidua! light 
sources may be influenced and preferably also, even if 
customary in <* siik-ti ] e r setting, the radiated wavelength , 
respectively wave le not h band of indi vidua] or all light 
sources . 

Such a configuration is highly ad van t ageous since the specr. ral 
distribution of the light radiated onto the measurement surf a.- 
c a i \ b e a d a p t e d t o a p r e d eter in i n e d s p e c t: r a i d i st ribut i o n i 1 1 -a 
selective manner . For example, i f several di L f.erent colored 
LE3s are used as Light sources, r. he intensity of the : r.di vidua 
I.IZDs Can be so coordinated with one another that the spectral 
cisr.ribut l on of the tot ai. emitted 1 i ght corresponds :.. c one of 
the pr edetermined spr-cr ral o i st r i but ions. 

In a not her preferred embed l.mont ut. the pi: esent i ! e/e: 1 1 o >i i , a 
ci ft user means and an aperture means are d i s posed in t he t i rst 
o pc i c :x i me a ns , who r ofr/ t h.e d i f f u so r me a 1 1 s i s pi-.: f e i a b 1 y 
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configured so as to achieve a homogeneous ii luminal i 119 of l he 
rue jsuremcnL s u 1 :. ace. 7h i s a i lows s 1 i g 1 1 1 d o v i a t i o n s a r. 1: h o 
measurement sit e tu be ct no s i y n i t icuiiee i or the cm-rasu re me: it 

resul t s . 

in another prefer, tvd ^mhodimer.t of the present Invent Ion, t he 
evr.iluar ion nieaas is cent rolled via a program stored in the 
rp.c.-iiiory means and the evaluation means receives t: he measurement. 

s .1 j 1 1 a 1 s o f t h e p note s e n s o r s an d e v a 1 u a t e s s a me , w h e r t • b y t ! : e 
measurement signals, respectively the characteristic reference, 
values are preferably stored permanently in said memory moans. 

According to one or several of the preferred embodiments ct tr 
invention, the second optical means is directed at a different 
angle to the measu 1 em-jtit surface Lhan is the first optical 
means so that tiie light emitted from the first optical means 
and reflected from the measurement surface has a different 
angle to the measurement surface: than the angle bet; ween t he- 
light received by the second optical means arid the normal to 
the measurement surface. 

The individual, optical means can be directed at. any desired 
ang i e t o t he su r face, alt houg h it is preferable t ha t the a ng 1 * 
are at o c , 20°, J0°, 4 5°, 60° or Sb 0 to the normal of the 
surface to be measured. A geometry of 0°/4^° is particularly 
preferred especially i or measurements of color wherein one 
o p 1 1 c a 1 me a n s i s a i i g n e d p e r p e : 1 d i. c u 1 a r 1 y o v e r t h e s urface t o 1 
measured and the other optical means is directed at an angle 
• : : 0 to the surf ace to be measured. 

1:. a further pref.ei red embon : ment of !.!:■.■ present invent n.-n , 
each phot o^onsor in oicpcs^u w i t h at least, two, preferably 

nr^e 01 more phot; osens 1 1 1 ve elements whereby t uei 1 elect r i ca 
out: put: signals can be acquired individually and which u: f f er 



their spectral chara t: c- i st i cs such that; the color of the 
reflected 1 lght is ascor i finable . A:: oxaxcic- of such a 
photosensor , respect ivo i y an array of pi lotcsonsors , is a color 
CCD sensor. 

In all of the :'o re go 1 rv.j embed j men*, s described above, it; i s 
po s s i b 1 e t.. h a t a i: 1 e a s t o : ; e t e mpe rat: u r e me a s ur i i ig me o 1 1 s 
respectively is disposed i r: as immediate proximity as possible 
t o c : i e o r mo r e 1 i g h t s o u r c o ( ; ) a :i d / o r one-, s e v e i" a 1 or a - I 
photosensor ( s ) , provided tor the determining of the 
characteristic temperature ci each respective light source, 
respective photosensor oi i espect ive phot oserisi t i ve e 1 e merit in 
order to enable a t emperature - corrected determination of said 
at least one optical parameter. The temperature measuring means 
may comprise several (or nest one) temperature; sensors which 
are arranged, for- example, as close as possible to the 
individual elements in order to avert to as great an extent as 
possible a falsifying distort ion of the measurement; results due 
to thermal capacities and t henna i resistances. Tt is however 
also possible, with at least some or these elements, that the 
element itself is used to determine its temperature direct ! y , 
as described, for example, in WO 96/ C 966V or Db 4-; 3 4 2 06 A!.. 

Tne determining of temperature or of the temperature of 
individual or of all the elements is highly advantageous 
because t e mp e r a t u r e - c ont.ii ig e i i t spectral influencing variables 
can be taker, into consideration and their influence on the 
measurei ne n t r e s u 1 t s h e : i c e o s s e n 1 1 a 1 y disreg a r a e d . 

rut t her advantages, features arid application possibilities ot 
tne present invention w i 1 1 now !>..- specified in t. he I o \ cwi no 
decsript ion of embodiments in con j unct i ^n w i t. h Lli" d i ..»w.i ngs , 



F i 9 ■ 1 « c u t ■■ a w ay vi e w of a d e v ice a c c o rdi na t o a f i rst 
er.ibodi me lit; of the present-, i nver.f i o:\ ; 

Fio. 2 A at: under s i de v Low of a tun her etr.bod i ;r.or.t of l he 

i rvent ;ve a--:'/ 1 »;;.;:■ ; 

Fig . IB a cu*oss sect', .i oual view of I he device i accordance 
with Fig. "Ah; 

rig. "j a predet: er mined spectral distribution on intensity; 

Fly. 4A another predetermined spectral distribution of 
in': e n s 1 1 y a c r o s s a wa v e 1 e 119 t h ; 

F 19. 4b a spectral a 1 s t ribu t; i on oz t he s e r; s or si 9 na 1 s a c r o s 
a wavelength; 

Fig . 5/-. the spectral distribution upon illuminating a 
t-uorescent surface with a first light source ; 

Fig. 5R the spectral signal di st r ibut: i or: of a 1 ! uorescent 
surface upon r 1 1 umi nat ing with a different light 
source ; 

• ^ t he spectral distribution of i nt ens .i. t y oi' di f feLeiit 
1 1 g h t - en; i 1 1 i ng d 1 ode s ; and 

7 r - Ho principa: technic a.! circuitry configuration of 
eir.bod 1 meut . 

A first embodiment will now be describee with reference to F: 
1 . 



Measuring device 1 is provid-.-d with a housing which is 
upon t he s ui: f ace to e xair. i : led , re spec t 1 v e 1 y me a s u r erne 11 1. 



p 1 acea 
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8. A ri rst our. ical means 2 coir.pr i ses an i Humiliating means 3 c 
one or in-; re L l yhr. source (?;) 3 , the light thereof di recced i ::. 
said fi!easurei:.o::t surface at an angle 18 from the perpendicular 
to r.hu measurement sui face . ^aic f i rst optical means 
f art hermore compr i ses a scattering me a lis having a diifusci 
retai r.e> ~ and a di i f user i6, wheieby sa.id cii tiusor ]>-ca inior n 
s imultaneously serves as all aperture for the radiation emitted 
iron: light source (s) 3. 

A t liter means is a: ranged in the further downs t: ream path of 
radiation from light source (s) 3 to the surface to be measured 
8 which comprises a filter retainer 6 and a filter e lenient 9, 
which influences the light emitted from light source 3 
according to predetermined filter properties. A lens b in the 
urst optical means parallelizes the omitted light before it 
impinges the surface to be examined 3. 

A second optical means \ provided in trie device- is directed t. 
the measurement surface at an angle 17 to the perpendicular, 
whereby said angles 17 and IS m the present embodiment are 
ooth 4b°, an angle especially well -suited tor measurements of 
g^oss. For other desired measurement variables such as, for 
example, color, one simply selects the appropriate different 
angle as fundamental "i y known in the stat^ 0 f the art. The 1 :ch 
reflected from surface 8 is at least partially received by the 
second optical means 10 and focused onto a slot in an aperture 
12 by a lens 11 of the second optical means, said slot serving 
as the inlet slot for a t ransnu 1 1 ance grid 1-1 which selective: 
splits the incident i ad: at ion spec!, rally and directs same to 
the line sensor • 3 arranged in second optical means 10. 

Tu.-- spect. i 1 jjpiit t. - ng o^m.eui 1 represented -u I'.ig. 1 ic 
rendered as a volurm- t. ,sm i - 1 ance grid. It is however - ; .ust as 
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l easibie to use a reflection or id having readily variable be air. 
g u i c 1 nq . 

In the present embodiment: , grid 14 makes use of d l t f i act. 1 c: i to 

split: incident: light into spectral component s , whercbv 

di f te rent wavelengths of the incident light are deflect <_:d in 

highly differing fashion to senior 13 so that photosensor 13 , 

configured as a diode- array or as a CCD sensor, receives 

different wavelengths at. different areas. The individual 

elements of sensor 13 receive radiation of different 

wa v e 1 eng ths 1 n the prese r 1 1 y r e .1 e v a n t visi b 1 e p ait o : t he 

s pe c t rur;-i be t ween 4 0 0 a nd 7 0 0 Mm . 

The measurement signals or the individual photosensi t ive 
efen.er.ts of said sensor 13 are electrical ly ascert ainable 
: r.d i v i dua 1 1 y , respect: l ve 1 y c a n be s epa ra Lei y e \\- i us r. ed , so t. : i -x t 
the relative spectral remission capability, respectively 
"i e f 1 ec t 1 v i r. y o f t nc s u r f a ce , i s a va i 1 a b i e a s a me a s u re me n t 
tesult subsequent; the measuring. To this end, the device is 
cai ibrated at leas t o i i c e w 1 1 h one or s e v e r ; a 1 it-feren c o 
surfaces, whereby one of said cal i brat ion surfaces with respect 
to, for example, measurement of gloss, may be preferably an 
ideally reflective surface. 

I 1 1 urn iiiat.ii ig me a ns 3 in t he p r e s e n t embod i men z comp rise s a 
hex log en light source and a plurality of 1 ight emitting diodes 
vLKCs; m order that tiie spectrum of the 1 rant radiated by said 
illuminating means 3 approaches the spectral d.ist.i ibuvion as 
represented in Fig. 3. Wh i. e the halogen light source emits 
radiation in essentially the entire spectral range, the 
individual I.h'Ds serve to amplily individual spectral regions 
selective! v. 
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In accordance-; wi:i. another conf icjurat ion ot the present 

embed i ment. , t he individual light sources of i " : 1 undn^ting mean.;; 
3 are such controlled that a distribution of intensity as 
depicted in Kig. 4A as essentially attained at said sensor. 
Spec:, ral d 1 s t r lbu 1 2 on 4 s depi cttrd in Fig. 4 A j s pi ot ted as 
intensity across acO'-.s engt h 41 and en a cor.se ant level 
across the r elevant wave length sand independent of wave : eayt h 
so that t lie spectral intensity of the light emitted at 
dii terent wavelengths by i 1 iuminat i ny means :\ is indepencent e- 
wave 1 engt h . 

I n a f u r t. he 1 con f iyura t i on of t he present embod 1 merit. , the 1 1 gh 
s ou r ce s c :.' 1 1 1 urn inat 11 \q me a n s 3 a re sue h con t r o 1 i ed t hat t lie 
electric ii 10 rial of the individual photosensors , respectively 
the elect: ica'l measurement signal of the sensors converted i nt 
c 1 c i t a 1 s> : gi ia 1 path. 4 4, exh 1 b 1 1. s an essential 1 y const an t 
numerical magnitude across wave 1 eng t h 41. This con: 1 gurat ion 
a .l lows the lea!, icing of the signal or the i rid:, vidua"! sensors a 
independent: of wavelength with an ideally reflecting surface 
and consequei i 1 1 y a n e s se n 1 1 a 1 1 y con stant a no max 1 ma L 1 y h 1 gh 
signal •• to - noi se ratio is achieved over an essentially constant 
no 1 s e 1 e ve 1 a c ros s t he wave i e ng t h . 

Filter means 9 is configured as an optical filter which absorb 
t hi e s p e c 1 1 1 c w a v e length b a n d s c or respond: 1 iy t o t. : : e d e s i r e d 
spectral distribution in order to achieve a spectral 
distribution of intensity in accordance with 10 g. 3 or Fiq . 4 ..... 

While the second opt teal means in the present embodiment is 
01. rested at an angle of 4 f j> c to the Measurement surface, ;t is 
also possir.de to align the second optical means perpend i cm 1 ai 
t^ the sun. ace to be measu ec! 1 n o: del- to measu: e part or the 
diffuse reflected light and not the directional reflected 
light. 
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r igs . ^ A ana 2B illusLtaie a further embodiment, of a color 
me a s urn .g dc- v .1. c o 1 11 a c c o rd a ric:e wit h t h e p recent 1 :i v e:i t 1 c n . 

The measu r ina device is depict ed 2 r. an underside view in F i g . 
2 A and is <.., f annular shape in this view . A plurality c t LEDs 
of i 1 luiii.ir-.at i no m.eaus 3 a re air anged evenly at a constant 
rad 1 us ,-i 1 oai id t I :e c i rcamf e rence aiid , a s i s ev: dent f rcn. F 1 g . 
2s, are d:roc : ;.ed a: an angle of 45° to the .surface to be 
; lie a s u r e d and .i 1 i urn.: n a t < • r. i 1 e* f o c a 1 p :> int. b e 1 o w t fie d e v i c e . 

In the present embod tinent , the second optical means is arranged 
perpendicular to the surface to be measured 7 and receives a 
portion of the diffuse reflected light of 1 i ghr. sources 3. The 
light received by said second optical means 10 is recused by 
inlet: lens 11 and passes through an opening in aperture 12. 

A n op 1 1. ca 1 grid, a c o 1 o r f 1 1 1 e r o r a cole r f 1 1 1 e r we dg e c a n be 
provided behind aperture 12 in the further progressing path or: 
radiation in order to split the incident radiation spectrally 
be f o r e it 1 nip 1 ng e s s e n s o r 13. 

In contrast: to the tirst embodiment , the illumination means 3 
1 r. t he pre sen t second e mbod 1 me n t 1 s a r ranged in c : rcu 1 a r 
fashion aoove l he measurement surface to be examined so that 
the light emitted from the individual light sources 3 of 
i: lurra r-.at ing means 3 is d: rectod in a conical fashion toward 
the measurement surla:;e to be examined, wherein the top of 1 he 
cone defines the pom:, or surface measurement . 

All trie i lght sources in r he present embed 1 merit are rendered a s 
LLLs , waetehy said LEbs cm: 1 spectrally different, rad: at ion and 
.-■M wKhs . :\ t; re a I are enp. loved. Hor.ee , 1 here a re *. uree of c^ch 
type of LED 3 in the present embodiment, bight different LED 5; 
respectively a re arranged adjacent one another across trie 



circumferential angle and the 2-3 LED;; are such arranged that 
the same type of light source is disposed at every 120° around 
the circumference . In another embodiment , 30 FEDs or 10 
di i: fere i it diodes are er.pl oyed . 

It .: s nowever pointed out: '.. nat .-.i nar.be r oi 1 _qht s ources winch 
deviates from che above may also be employed, as ] ong as each: 
wave length band exhibits considerable intensity i r. the visible 
pa i " t o f t h t: s pe c t r utn . 

'in the present embodiment, several circuitry, respectively 
centre i variations are provided for the individual 1 :ght 
sources. In a first cent rol variation, all LELs are operated 
simultaneously during a measurement: arid their intensity is 
control Jed in such a way that a relative spectral course of 
intensity is yielded which coincides essentially with the 
relative spectral course of intensity 3 2 depicted i Fiq . 3. 
-spcctrai course of intensity 32 corresponds to a spectral 
course of "intensity of the normal light standard C of the 
Commission Internationale de 1 ' Eclair ago (CI hi) weighted to the 
spec t ra 1 vi sua 1 sens t i v i t y of a norma 1 obse rver ' s lig h t - 
adapted eye V {index X). For attainment of a such spectrum, th 
intensities of the individual LEDs are controlled accordingly. 
Furthermore, a filter: 9 in a filter retainer G is disposed in 
tne second optical nv-ans 10 tor adapting the spectral 
dist ribat ion . 



The spectral course of intensity of the individual diodes 71, 
rz , 73, 74, 7 5, 76, 77, 76 across the wavelength is plotted m 
hi;;;. 6. Fach single LED (71 - 78} exhibits a relatively narrow 
spectral emission capacity, where i n r. he individual snect ra ; 
i -.-.uges of. the FFFs r-.sl^p so t hat rod.stiori l s em.tr.--d as a 
whole over the essentiol. part of the visible spectrum. 
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According to a second circuitry, respectively measuring 
variation of the present invent ion, the i nd i vidua hhlis are 
controlled relative the intensity of radiation so as to vie id a 
spectral a i s t r ibu t ion of ir.t<.:ns i t y us depicted : n i q . 4 A, i i S 
which spectral d i st r ibut ion \'$ n- plotted across w-ive) ength -1 : 
and is const ant across r :>..• wctvo ien;:j t h .in orJcr to achieve a 
homogeneous illumination independent or wa ve 1 eiA.; t i i . 

I n a further circuitry variation, t ho electric signals of t. he 
individual sensors, respective: 1 / the electrical signals or. t he 
individual sensors which have been converted into digital 
signals, are independent of wavelength when an ideally diffuse 
white reflective surface is to be measured. Subject, to these- 
prerequisites, a spectral digital sensor signal 4 4 is yielded 
v/i i i oh i s subs t a nt i a 1 1 y t i io same ac ros s t lie en 1 1 re v i s i b 1 e 
■wavelength band. The integration time, exposure time 
respectively and/or amplification of the sensors is then 
cent rolled such that the individual sensors are operated takia.j 
advantage of their rnaxi mart, dynamics. 

T n a tech u j c a 1 cl r c u i t i ng me a s u re me n t va nation, t he i nd i v i d u a 1 
LEDs (additional) are operated successively in order to 
de t e rmi no the e f f e c t of t lie i. nd i v i dua 1 r a d i a 1 1 1 ig e 1 erne u t s o n 
the surface to be examined . 

If, for ex amp] e , f 1 uore seen t su r f act;- s a re i 1 1. urn i i :a t ed w i t h 
rad i a 1 1 on o f pa r t i cu 1 a r wave 1 eng thy, t hese s ui. face s change 
certain wavelengths into others and emit other preferred 
wave 1 engt hs . 

The mtensi ty d i st r i bu t ; oi . of a 1 ight source 
V 1 uor escence -on t i ngenr spf-cr;^'i ,-*p.ii ion of" 
surface is plotted schematically m Pig. t A . 



and t iie p art ! c a i a i 
a l 1 cu r es :c:il 
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A source ot radiation exhibits; a spectral course of infer: si t.y 
51 in a f i rst wavelength band 'which, for example , may a] so 
c c r r e s pond to one ot 1 1: e s p e c t r a 1 c o 1. 1 r « o s c f i nten s 1 1 v 7 1 ? 8 
depicted i n P i g . 6. The M„oiescenr. r-;u rf. ace emit..'- a spect. raj 
intercity 5 2 when the suriace : s illuminated v; : t h appropi : ate 
wave! enqt h:; as , for example here , with spectral zi i s t 1 i bur i or. 
L 1 . 

It tne same surface is now i "i i umina t ed with another source of 
light which exhibits a spectral, intensity distrinution 53 (of. 
Fig, 5 B ) wh i c h din f. e r s f rom said first s p e ctral dist ribut i o n 
51, the fluorescent suriace can likewise emit a radiation 54. 
Provided spectral course of intensity 51 and 5 3 at least 
partially overlap and exhibit different intensities relative 
the wavelength which excites the surface to fluorescence, the 
spectral emission ot surface 52 will deviate from spectral 
emission 54, as represented in r ig . 5B. 

The excitation -wavelength, respect: i ve iy the excitation 
wavelength band for the exciting of the fluorescent surface ca 
then be co n c 1 u de d £ rom the s p e c t r a 1 c c u r s e s o f i n t e n s i t y 5 2 , 
respectively 5 4 emitted from the surface and especially the 
maximum height of the individual courses of intensity and from 
tne spectral courses of emission of LL'Ds 51, 53 as employed, 
and can be defined both qualitatively as well as also 
quant i tat i vely . 

Fig. 7 depicts the principal 
o t a n l n v e n t i v e d e v \ c < .- i n a c 
embod l merit s . 

Com. ro i means 60 oornpr i yes a processor £0 which is linked with 
fur: her element.:-; in the c^Uoi means . 



technical circuitry con t igura t. .r: . n 
cordar.ee with the described 



hy means of a program stored in memory means CI, control means 
6 0 c oil t r o 1 s 1 .1 ] u m l :\ a t . i i ig mo a i ■ s j> ha v .i rig 1 lght. sour e s 3 and, a 
example 7 2 , relative .Li.tun^ty, Lime of radiation and dura: ion 
cl radiation. The <.;l*--ot. I c measurement: signal rece ived bv 
photosensor '■: is digit .» zed :n processor 60 and, taking the 
measurement : c^ult:; oi t. o rape rat ure moans 6 7 momtcriiig die 
temp e r j l u r ( .■ ol r. ho L ight sources and i he phot oseuso rs into 
con5;idorat ion, are I; lien t emperat ure correctod and output to 
d i r> p 1 a y 6 5 and/or filed in nr.e mo r y n ,e a i ■ s 61. 

Input means 6 2 serves for inputting control commands for the 
device as a whole. In this way, i:. is thus possible upon the 
actuating of certain swiLches (nor. shown) cr by inputting of 
s pe c l f i c c omnia r id s to, for e x amp 1 e , mod i f y the measure me n t 
method so that the intensity distribution of the emitted light- 
is adapted to be i accordance with the light standard type C 
or the light standard type D6S , or that the measurement 
cna racter : st ic is adapted lo ind Lvidual optics, 1 iqht sources 
ana sensors such that with ideally :vf lu-ctmg sui faces, the 
electric measurement signal for the various wavelengths of the 
photosensitive elements of photosensor 13 is essentially the 
same across the wavelength band. 

Furthermore , the control means comprises a further means with 
which the device can be coupled to an external computer 56, 
whereby sa id coupling device is an electrical connect ion such 
as, tor example, a serial interface or other standardi zed 
electrical connections. It is just as feasible that tins 
interface is rendered as an infrared interface so that the 
connection to an external computer 6 6 can also he tnadt: across 
some distance wi thour the need tor- cables. 

As the tv.negoi.ng con! igurat. ions demonstrate, the present 
invention allows for t. hi— providing of rf device fta the 




ir.easur irig and ovaiuat. ing oi spectral radial ion;; wb : cli n a b 1 e .-j 
the me a s a r i 1 ,g c : th e spe c t: r a 1 d i si r: but ion or r a d iat i on :. o be 
real izod at, a i el at, i v^.l y ! ow expenditure and v; i. t. ! ; 'die t-rr.ploy : r 
of a relatively snial 1 n urr.be i of <;ouLcei of radiation, 
respecL ive ly seniors. !iar-j^d on itj sinspl e construct i on, the 
dev ice can be com" igureo t. o be relatively 5.;i:ia L ; and dandy so 
thai i i a ut i 1 i zacicr. is n A onl.y possiole within a laboratory 
setting, bur which cam a Lso be employed directly daring 
production proces^en in order to cont j.riuuu:"j] y riicr. itor surface 
qua! i ty . 



